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SUMMARY
The objective of this study was to determine if a cylindrical
shell with a Cassini curve as a bulkhead could be designed to with-
stand a pressurized condition in space without the use of truss
reinforcing members. After studying a considerable number of
different configurations a design was obtained which does satisfy the
requirements. This report presents a detailed stress analysis of the
selected design. A complete detail of the stress distribution is shown
in Fig. 3 where 0 and a refer to meridional and tangential, stresses,
respectively.
The analysis presented herein only considers the internal pressure
loading. The shell has a torus section attached to it and displays
the properties of a Cassinian curve. The reason for the Cassinian
geometry is that supposedly only tensile forces will be developed
for an internal pressure loading.
The analysis revealed that the highest stresses are experienced
in the area where the tapered shell section connects to the torus.
In this region the stresses reach a maximum value of 17,441 psi. This
is well below the allowable value of 30,000 psi based on a factor of
safety of 2. Thus, for the internal pressure loading condition,
the present design is adequate without the use of reinforcing truss
members. However, another study conducted by Dr. F. J. Stebbins of
the Manned Spacecraft Center reveals that truss supports are needed
to withstand the artificial gravity condition.
INTRODUCTION
i
This study was conducted at the request of personnel at the Manned
Spacecraft Center who were concerned with the stresses experienced by
the Cassini-Torus shell structure when subjected to internal pressure
and is intended to complement the inhouse studies being conducted at
the Manned Spacecraft Center. The primary purpose of the research is
to determine if the Cassini shell can be designed without the use of
truss reinforcing members. A study performed by Dr. F. J. Stebbins
of the Manned^Spacecraft Center has revealed that truss members are
necessary to withstand the stresses induced by a 1 g artificial gravity
loading. There are other loading conditions that should be investigated,
however, the results presented herein are limited to the internal
pressure loading.
Figure 1 depicts the structure under consideration. The shell
employs Cassinian geometry having m = -0.19, n = I.167. This
type of geometry was selected in an effort to develop only tensile forces
due to an internal pressure loading. The structure analyzed did not have
any reinforcing truss members. These reinforcements, if deemed necessary,
had been considered as an addition to the structure by Manned Spacecraft
Center personnel.
ANALYSIS
A. Structural and Loading Idealization
The basic input for the structural idealization was obtained
from the drawing supplied by the Manned Spacecraft Center. The tapered
sections shown in Figs. 1 and 2 were idealized by constant thickness
sections as shown in Fig. 3 and the entire structure was assumed to
be composed of fifty finite elements having the breakdown shown in
Fig. 3.
The loading on the idealized structure is shown in Fig. 3 and
consisted of an internal pressure loading over the first twenty
elements and three equal concentrated ring loads to represent the
pressure loading on the hatch.
The base radius of the Cassini shell is equal to 30 in. as shown
in Fig. 1 but for analyses purposes the computer model was taken to
be clamped at 'a radius of 72 in. This provided a realistic idealiza-
tion as there is no significant change in the stresses from this point
to the 80 in. radius.
B. Computer Program
The computer coding used in the analysis was developed under
sponsorship of the Manned Spacecraft Center and is capable of solving
(2)linear and highly nonlinear problems. Although the nonlinear option
of the program was not employed in this analysis, it may be used
later if such an analysis is warranted.
The output to the computer program consists of a complete print-
out of the shell geometry and elastic constants and the solution for
the nodal displacements, strains, stress resultants and stresses.
DESIGNS CONSIDERED
Three different geometries were considered in the analysis. The
first case had a Cassini shell thickness of 0.05 in. from nodes 1
through 12 (Fig. 3) and 0.1 in. for the remainder of the shell (nodes
11-23). The torus section (nodes 23-51) also employed a thickness
of 0.1 in. The pressure loading acting on the hatch opening was
idealized as a single axial ring loading based on a 32.5 in. radius
and taken to act at node 20. The first 19 elements (nodes 1-20)
experienced a pressure loading of 14.7 psi.
The second case differed in geometry from the first case only
in its torus thickness between nodes '23 and 31. For this case,
the thickness was taken as 0.3 in. at node 23 and assumed to vary
linearly to a value of 0.15 in. at node 31. Constant thickness
elements, as shown in Fig. 3, were used in the analysis with the
element thicknesses being selected from the value at the middle of
the element. This provided a realistic representation since the
element lengths were small. The pressure loading on the hatch was
idealized by two axial ring loads acting at nodes 22 and 23. The
pressure was taken to act over a 30.5 in. radius and two-thirds of
the load was applied at node 23 and one-third at node 22. The first
21 elements (nodes 1-22) were subjected to a 14.7 psi internal pressure.
The third case that was considered is shown in Figs. 2 and 3 and
employed a constant shell thickness of 0.05 in. from nodes 1-9, and
a linearly varying thickness increasing from 0.05 in. at node 9
to 0.15 in. at node 15. Elements 15 through 19 (nodes 15-20)
employed a constant shell thickness of 0.15 in. The flange at the
juncture of the Cassini shell and the torus (Fig. 3) was taken to
be fully effective and idealized as three elements (elements 20-22)
of.1.0 in. thickness.
The torus section, with the exception of the addition of a flange
between nodes 31 through 35 (Fig. 3), remained the same as in the
second case. The flange was taken to be fully effective and idealized
by four elements of 1.0 in. thickness as shown in Fig. 3.
The pressure loading on the hatch was idealized by three equal axial
ring loads acting at nodes 21-23 as shown in Fig. 3. These loads
were each equal to one-third of the total load acting on a 33 in.
radius; Elements 1 through 20 were assumed to be subjected to the
14.7 psi internal pressure.
The most- favorable of the designs was the last one discussed.
This case experienced stresses that remained below the allowable limit
without the use of truss reinforcing members.
RESULTS
The results obtained for the geometry and loads of the first case
revealed that the stresses reach maximum values of 44,986 psi and
61,370 psi in the meridional and tangential directions, respectively.
These stresses occur in element 20 which is in the region between the
shell attachments to the torus section, and their high values can
partially be attributed to the manner that a single concentrated axial
ring load was applied at node 20. The maximum stress in the torus
reaches a value of 34,637 psi in element 23 which is at the cassini-
torus juncture closest to the hatch opening. The other two stresses
in this region are in excess of 20,000 psi whereas the remaining
stresses in the torus section are quite low. The stresses in the shell
region past the cassini-torus juncture away from the hatch opening
(elements 1-14) remain below 20,000 psi and are acceptable.
The analysis for the geometry and loads of the second case showed
that the maximum stresses now reach values of 71,017 psi and 64,618 psi
in the meridional and tangential directions, respectively. These
stresses occur in element 22 which is in the shell at the cassini-torus
juncture closest to the hatch opening. The maximum stress in the torus
section now reaches a value of 42,301 psi whereas the stresses in the
shell region,away from the torus section again remain low and within
tolerable limits. The study of this case revealed that by beefing up
part of the torus section and distributing the pressure loading on the
hatch, the peak stresses are not decreased. The critical area still
remained in the shell between the attach points to the torus.
The third case analyzed, and the one that produced the satisfactory
results, experienced a maximum meridional stress of 17,441 psi. This
stress occurred in element 9 which is in the shell at the point where
the shell thickness starts to increase from 0.05 in. to 0.15 in. The
stresses in the portion of the shell between the torus attach points
remained quite low reaching a maximum value of only 10,602 psi in
element 19. The reason for the significant decrease in .stress in this
region can be attributed to the increase in the shell thickness and the
addition of the 1.0 in. flange at the cassini-torus juncture nearest
the hatch opening.
CONCLUSIONS
The analysis performed on the three different configurations of
the cassini-torus structure subjected to internal pressure revealed
that the only design that is acceptable without the use of truss rein-
forcing members is the one depicted in Fig. 3. For this design, the
maximum stress reaches a value of 17,441 psi.• This is well below the
allowable value of 30,000 psi based on a factor of safety of 2. The
study also showed that, as expected for the cassinian geometry of this
example, primarily only tensile forces are developed in the shell but the
local bending effects are quite significant in the area of the cassini-
torus juncture nearest the hatch opening.
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